We show that a Z with suppressed couplings to the electron compared to the Z-boson, with couplings to the b-quark, and with a mass close to the mass of the Z-boson, provides an excellent fit to forward-backward asymmetry of the b-quark and R b measured on the Z-pole and ±2 GeV off the Z-pole, and to A e obtained from the measurement of left-right asymmetry for hadronic final states. It also leads to a significant improvement in the total hadronic cross section on the Z-pole and R b measured at energies above the Z-pole. In addition, with a proper mass, it can explain the excess of Zbb events at LEP in the 90 − 105 GeV region of the bb invariant mass.
Introduction. Precision electroweak measurements at LEP, SLC and the Tevatron confirmed numerous predictions of the standard model (SM) with a large degree of accuracy [1] [2] [3] . Occasionally, deviations from SM expectations appeared, and are still appearing at the Tevatron, however most of them disappeared with more data. Among those that remain, perhaps the longest lasting one, is a discrepancy in the determination of the weak mixing angle from the LEP measurement of the forward-backward asymmetry of the bquark, A b F B , and from the SLD measurement of left-right asymmetry for hadronic final states, A e (LR − had.).
These two measurements, showing the largest deviations from SM predictions among Z-pole observables, create a very puzzling situation [4] , [3] . Varying SM input parameters, especially the Higgs boson mass, one can fit the experimental value for one of them only at the expense of increasing the discrepancy in the other one. While A F B is removed, the global fit preference is in tension with LEP exclusion limit, m h > 114 GeV [5] . In addition, it seems difficult to completely explain these deviations by a new physics and thus it is widely believed that at least part of the problem is experimental.
We show that a Z with a mass close to the mass of the Z-boson, provides an excellent fit to measurements of A b F B on and near the Z-pole, and simultaneously to A e (LR − had.). It also improves on the total hadronic cross section on the Z-pole and R b measured at energies above the Z-pole. In addition, with a proper mass, it can explain the 2.3σ excess of Zbb events at LEP in the 90 − 105 GeV region of the bb invariant mass.
Z model. We consider a new vector boson, Z , associated with a new gauge symmetry U (1) , with couplings to the electron and the b-quark:
Without any assumptions about the origin of the Z , all four couplings and the mass of the Z are treated as free parameters [6] . Couplings to other SM fermions and the mixing with the Z boson are assumed to be negligible and are set to zero for simplicity. Problems associated with a general set of couplings can be cured: chiral gauge anomalies can be canceled by introducing additional fermions, and Yukawa couplings can be generated by a Froggatt-Nielsen type mechanism; or they can be avoided by charging the SM fields under the U (1) through effective higher dimension operators [7] .
Z' near the Z-pole. To demonstrate the basic feature of the effect a Z' can have on precision electroweak data, let's write the formulas for relevant observables in terms of "helicity cross section factors". The differential cross section for e LēL → f LfL due to an s-channel exchange of a vector boson is given by
R are couplings of the corresponding fermion to the vector boson, and similarly for other helicity combinations: LR, RL, and RR (with a minus sign in front of cos θ in the case of LR and RL) [1] . Depending on observable, differential cross sections are integrated over various ranges of the scattering angle θ and thus it is useful to define the helicity cross section factors as factors in differential cross sections that do not depend on the scattering angle,
2 , and similarly for other helicity combinations. In terms of these helicity cross section factors, the forward-backward asymmetry of the b-quark can be written as:
where the first part directly follows from integration of differential cross sections over forward and backward hemispheres. In the case of the Z-boson exchange only the A b F B reduces to the product of the electron and b-quark asymmetry parameters, defined as
) for a fermion f . Similarly, the left-right asymmetry for the b-quark final state can be written as:
and in the case of the Z-boson contribution only, it reduces to A e , for any final state. The left-right forward-backward asymmetry of the b-quark can be written as:
and it is given by A b in the case of the Z-boson contribution only. Finally, the ratio of the b-quark and hadronic cross sections can be written as:
Previous explanations of the deviation in A LR must be due to s-channel exchange of a new vector particle with mass close to the mass of the Z-boson. A scalar particle near the Z-pole can modify A b F B only comparably to its modification of R b . This was considered in Ref. [11] motivated by previous discrepancies in Z-pole observables. Similarly Z was used to explain previous discrepancies, see e.g. a heavy Z [12] or almost degenerate Z and Z [13] scenarios. A heavy particle, or a particle contributing in t-channel, can modify Z-pole observables only negligibly if it should not dramatically alter predictions above the Z-pole. Thus a Z near the Z-pole with small couplings to the electron (in order to satisfy limits from searches for Z ) and sizable couplings to the bottom quark is the only candidate.
Numerical analysis. We construct a χ 2 function of relevant quantities related to the bottom quark and electron measured at and near the Z-pole which are summarized in Table I .
Their precise definition can be found in the EWWG review [1] from which we also take the corresponding experimental values. Instead of the pole forward-backward asymmetry of the
F B , we include three measurements of the asymmetry, at the peak and ±2 GeV from the peak. These are more relevant because the presence of a Z near the Z-pole changes the energy dependence of the asymmetry. In addition, about 25% of the deviation in the pole asymmetry comes from the measurement at +2 GeV from the peak. Corresponding LEP averages for R b at ±2 GeV from the peak do not exist. These are available only from DELPHI [14] and although they are included in the Z-pole LEP average, R We calculate theoretical predictions using ZFITTER 6.43 [15, 16] and ZEFIT 6.10 [17] which we modified for a Z with free couplings to the b-quark and the electron. In our fit we use the SM input parameters summarized in Table 8 [19] . In principle, the width, Γ Z , could be treated as a free parameter because Z can have additional couplings that do not affect precision electroweak data. For simplicity, we do not consider this possibility.
The best fit solution. The best fit to precision data included in the χ 2 is summarized in Table I and parameters for which the best fit is obtained are given in the caption. Clearly, addition of Z provides an excellent fit to selected precision electroweak data with χ 2 = 4.6 for 12 obsevables with 5 additional parameters compared to the standard model that has Besides quantities included in the χ 2 and given in Table I we check all other electroweak data on and near the Z-pole, and above and below the Z-pole. While b-quark quantities were measured at three energies near the Z-pole, the total hadronic cross section was measured also at ±1, 3 GeV (from data collected only during 1990-1991). The measurement at +1
GeV roughly coincides with the Z'-peak where the deviation from the SM would be the GeV, and other parameters as listed in (27) largest. The experimental error in σ had at +1 GeV from the peak is ∼ 1% for each LEP experiment and thus the Z'-peak contributes only a fraction of the error bar.
At energies above the Z-pole, the A b F B in the Z model basically coincides with the SM prediction while R b fits data better than the SM, see Fig. 1 , with χ 2 = 4.8 for 10 data points compared to the SM which has χ 2 = 7.2 (the average discrepancy with respect to the SM prediction for R b is −2.1σ) [2] . At energies below the Z-pole the Z leads only to negligible differences from the SM predictions compared to sensitivities of current experiments.
The quantities related to other charged leptons and quarks are not directly affected by Z and the predictions are essentially identical to predictions of the SM [3] . For example, the LEP 1 average of leptonic asymmetry assuming lepton universality, A l = 0.1481 ± 0.0027, agrees very well with the SM prediction and would be only negligibly altered by the Z with couplings corresponding to the best fit (the prediction is the same as for A e (LR − lept.)
given in Table I ).
Other fits. The full exploration of the Z parameter space is beyond the scope of this letter. However it is instructive to make few comments. The χ 2 is a very shallow function of the Z parameters, except the Z mass. Varying couplings by 10% leads to a comparable fit. Actually, almost all the improvement in the χ 2 comes from the g L,R are absent the Z would decay to bb with branching ratio close to 100% and thus it would result in a small excess in Zbb and a negligible excess in bbbb data that were closely scrutinized in searches for Higgs bosons.
The search for the SM Higgs boson in Zbb final state shows a 2.3σ excess of events for the bb invariant mass in the range 90 − 105 GeV [5] . It is compatible with ∼ 10% of the SM Higgs production cross section for m h = 100 GeV, and thus it can be explained either by a Higgs boson with reduced coupling to the Z-boson [20] [21] [22] or a SM-like Higgs boson with reduced branching fraction to bb [23] [24] [25] .
The Z with properties studied in this paper can provide another explanation. The best fit presented in Table I intriguing that these deviations, together with the 2.3σ excess of Zbb events at LEP that can be fully explained by Z , might as well be hints of a new force of nature.
Besides the Tevatron and the LHC, where this Z might be seen in b-quark rich events, the optimal experiment to confirm or rule out this possibility would be the future linear collider, especially the GigaZ option, which would allow more accurate exploration of the Z-peak.
Considering other flavor conserving couplings, or small flavor violating couplings, expands the range of observables to which this Z' could contribute. It would be interesting to see if it can simultaneously explain some other deviations from SM predictions.
